A B S T R A C T Plasma cholesterol and triglyceride levels were measured after an overnight fast in 500 consecutively studied 3 
INTRODUCTION
It is generally recognized that coronary heart disease shows a tendency to aggregate in certain families (2) (3) (4) .
In his monograph on angina pectoris published in 1897, Osler emphasized the importance of genetic factors in the pathogenesis of this disorder (5) . Yet despite early recognition of the influence of heredity on atherosclerosis, the nature of the underlying genetic mechanisms has remained obscure. The observed familial aggregation may reflect genetically determined risk factors such as hyperlipidemia, diabetes mellitus, and hypertension (6, 7) . Hypercholesterolemia and hypertriglyceridemia, as predisposing factors to atherosclerosis, have received the most recent attention (7, 8) . Hence, genetic analysis of families with elevations in these plasma lipids should contribute to an understanding of the inheritance of coronary atherosclerosis and ultimately provide clues for determining the underlying biochemical lesions. Certain forms of hypercholesterolemia and hypertriglyceridemia are known to be inherited (9) (10) (11) . However, it is not known whether hereditary hyperlipidemia is usually determined by simply inherited (monogenic) factors or by more complex (polygenic) mechanisms, and whether classification of hyperlipidemia by lipoprotein phenotyping provides genetically useful information.
The present study was undertaken to answer these questions by carrying out a detailed genetic analysis of the fasting plasma cholesterol and triglyceride levels in The Journal of Clinical Investigation Volume 52 July 1973.1533-1543 1533 the families of probands selected for hyperlipidemia from 500 consecutively studied survivors of myocardial infarction. The results are reported in three parts. This first paper discusses the criteria for diagnosis of hyperlipidemia, compares its frequency in survivors of myocardial infarction with that in controls, examines the effect of age and sex on its occurrence, and relates the presence of hypercholesterolemia and hypertriglyceridemia to other risk factors. The second paper (12) reports the analysis of family members, presents evidence for a newly recognized inherited disorder (combined hyperlipidemia), and suggests an approach to classifying hyperlipidemia on the basis of plasma lipid levels in relatives. The third paper (13) (14, 15) . The diagnosis of myocardial infarction was accepted when two of these three criteria were met: (a) compatible clinical history; (b) serial electrocardiograms showing development of a diagnostic Q wave or S-T segment elevation followed by T wave inversion (16) ; and (c) characteristic changes in activity of glutamicoxalacetic transaminase, lactic dehydrogenase, and/or creatine phosphokinase (17) and parenteral hyperalimentation after a small bowel resection. Three additional survivors had a previous diagnosis of primary hypothyroidism; all were receiving thyroid replacement therapy at the time of the study and were euthyroid on the basis of thyroid function tests. 44% of the 500 survivors said they were conscientiously following a diet low in content of cholesterol and fat, but there was no apparent correlation between dietary intake and levels of plasma lipids. The mean ±SD for adjusted cholesterol and triglyceride levels, respectively, was 233±56 and 143±114 mg/100 ml in those on a low fat diet, as compared with 239+51 and 129+74 mg/100 ml in those on an unrestricted diet. To determine weight stability, 129 hyperlipidemic and 27 normolipidemic survivors were weighed on two occasions averaging 3 mo apart. The mean change in weight was less than 0.4 kg for both groups (13) .
Controls. The controls consisted of 550 adult women and 400 adult men selected from the nonblood relatives of the survivors. 125 were the spouses of the survivors and 825 were spouses of their relatives. All but 1% were white. None of these subjects was excluded as a control, but 4% had a history of previous myocardial infarction or were being treated with nitroglycerin for angina pectoris. 7.8% of controls indicated on a standardized medical history form that they had been diagnosed previously as having hyperlipidemia; only one of these individuals was on hypolipidemic drug therapy. 2.4% of controls claimed that they were conscientiously following a diet low in content of cholesterol and fat. One male control without known hyperlipidemia was taking clofibrate as part of another study. Drug therapy among the 550 female controls included estrogens (18.4%o), thyroid (7.8%), oral contraceptives (9.2%), and both estrogens and thyroid (5.3%c).
Collection of blood specimens. Fasting blood specimens from controls were obtained in one of two ways: (a) If the individual lived in the greater Seattle area, he was contacted and interviewed as described for survivors (see above) with the exception that each person filled out his own standardized medical history form. (b) Subjects living outside the Seattle area were initially contacted by telephone by J. L. G. or H. G. S., who explained the study, after which they were sent by mail the following items: (a) two tubes each containing 10 mg of ethylenediaminetetraacetic acid (EDTA) and one tube without EDTA; (b) a set of instructions addressed to a physician or technician collecting the blood sample; and (c) a standardized medical history form to be filled out by the individual. The instructions stated that 10 ml of blood was to be collected into each of the two tubes after a 12-14 h overnight fast and that the two EDTA tubes were to be centrifuged and the plasma placed in the empty tube for return to Seattle at ambient temperature by air mail, special delivery, in the stamped mailing container provided. The physician or technician was asked not to return specimens obtained on nonfasting subjects. Out-of-town specimens usually arrived at the Seattle laboratory within 24-36 h of collection and immediately refrigerated at 4VC until further processed.
The validity of this method of collection for out-of-town samples was established in a pilot study in which the distribution of fasting plasma cholesterol and triglyceride levels of 100 consecutively studied out-of-town controls was compared with that of 100 consecutively studied Seattle controls. Mean +SD for age and sex-adjusted cholesterol values was 223±+41 and 225±+46 mg/100 ml for out-of-town and Seattle controls, respectively. Mean ±SD for age and sexadjusted triglyceride values was 94±64 and 94±59 mg/100 ml for out-of-town and Seattle controls, respectively.
Analyses of plasma lipids, glucose, and uric acid. All analyses were performed on fasting venous blood samples collected in tubes containing EDTA (10 mg/10 ml blood). (19, 20) . This laboratory had previously passed phase I of the triglyceride standardization program of the U. S. Center for Disease Control (Atlanta, Ga.) with a coefficient of variation of 5% and accuracy within 10% of the true value. Reproducibility of these methods was determined periodically throughout the 15 mo of analyses by repeated checking (n= 128) of portions from a frozen standard plasma pool. Results (mean ±SD) for this standard were: cholesterol, 244+9.5 mg/100 ml and triglyceride, 90+3.7 mg/100 ml. Coefficients of variation were 3.9 and 4.3%, respectively. Similar results were also obtained by using a lower standard cholesterol plasma (level of 164 mg/100 ml) and a higher standard triglyceride plasma (level of 234 mg/100 ml). Samples from controls and survivors were analyzed simultaneously throughout the study.
The glucose and uric acid levels, measured on the fasting plasma samples of survivors, were determined by AutoAnalyzer methods N-2b and N-13b respectively (21) at the Pathology Central Laboratory, Seattle, Wash. Reproducibility of these methods was checked periodically throughout the 2 wk of analyses by examining a frozen plasma standard. Results (mean +SD) for these standards were 109±0.84 mg/100 ml for glucose (n = 50) and 5.4+0.1 mg/100 ml for uric acid (n = 50). Coefficients of variation were 0.8 and 1.8%, respectively.
Processing, transformation, and analysis of data. Data processing was performed on the CDC 6400 computer at the University of Washington Computer Center. Initial input was by key punched cards with permanent storage of the raw and transformed data on magnetic tape.
To allow comparison of cholesterol and triglyceride levels of controls and survivors of different age and sex, lipid levels were transformed by using control means derived by linear regression analysis. This transformation was based on the following principle (22) : For each individual the deviation of his lipid level from that of the control mean for his or her age and sex was given a positive or negative sign according to whether it was above or below the mean value. This deviation was then adjusted to a reference age at which the mean and standard deviation was the same for the two sexes; in this way the lipid values were adjusted also for sex. The formula used was as follows: adjusted lipid value = (observed lipid value -control mean lipid value of appropriate age and sex) + mean lipid value at age 45 yr of appropriate sex. Control mean lipids values for men and women at different ages were derived from the regression equations for the appropriate sex: y = ax + b, where y = mean cholesterol concentration or mean log1o triglyceride concentration; x = age in years; a = average annual change of cholesterol or logio triglyceride concentration; and b = cholesterol or logio triglyceride concentration when x = 0. The constants for a (coefficient of linear regression) and b (y intercept) used in the calculation of the adjusted lipid values are summarized in Table 12 Under these conditions of the regression equations, mean lipid values for both men and women were nearly equivalent at age 45 yr. Since the logarithms of triglyceride levels in controls were found to be distributed more normally than the corresponding skewed, untransformed values, the log scale was used for age and sex adjustments of triglyceride with subsequent reconversion to the arithmetic scale.
Data (Fig. 3) , age and sex-adjustments were carried out on the linear scale for the following reasons: (a) assuming that the fall that is observed in cholesterol levels in men above age 60 (and to some extent in triglyceride levels in men above 60) occurs because older hyperlipidemic men die prematurely, the adjustment on a fitted curvilinear regression line would result in a false elevation of the values of the surviving older individuals; and (b) as compared with adjustment on a fitted curvilinear line, adjustment by linear regression had the overall effect of underestimating, rather than overestimating the absolute levels of cholesterol or triglyceride in older men and hence the data were not biased in favor of high values. Patterson Table III . These figures were remarkably similar to those reported in other studies (25, 26) . A plot of unadjusted control cholesterol levels against age (Fig. 3 A) showed that in both sexes cholesterol concentration increased with age up to about 60 yr, that the rate of increase with age (coefficient of linear regression) was higher in women than in men ( Table I) , and that the standard deviations of cholesterol at different ages were nearly identical. Above age 60 the cholesterol level in men fell sharply, suggesting the possibility that hypercholesterolemic men die prematurely. A comparable fall in female levels was not seen until after age 70. At age 45 the mean cholesterol values for men and women,.
as determined from the regression equations, were equal (220 mg/100 ml).
Triglyceride levels in controls also increased with age ( Fig. 3 B and Table I ), especially in women (Table I) . Unlike the constant variation pattern seen for cholesterol, the standard deviations of triglyceride differed markedly at different ages, especially above age 40. However, when the triglyceride data were converted to the logarithmic scale (Fig. 3 C) , this age variation was much less apparent. At age 45, the mean logio value for triglyceride levels in both sexes was nearly equal (1.921 and 1.937, respectively). In contrast to the cholesterol data, no 'For a skewed distribution in which the sample mean is greater than the median, the antilog of the geometric mean (i.e., the mean of the log values comprising the sample) is always lower than the arithmetic mean of the corresponding antilog values.
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Goldstein, Hazzard, Schrott, Bierman, and Motulsky that the mean triglyceride levels in "healthy" individuals (i.e., those without obesity, coronary heart disease, and hypertension) decrease markedly after age 60 (27) .
The difference in our data may be related to the fact that all of our spouse controls would not be considered "healthy," since no spouses were excluded because of obesity, hypertension, coronary artery disease, diabetes mellitus, or because they were taking medications known to raise triglyceride levels (e.g., estrogens [28] ). A summary of the data derived from the regression analyses of plasma lipids with age in the 950 controls is presented in Table I Fig. 4 . The adjusted cholesterol levels appeared normally and unimodally distributed (Fig. 4A) 70-791 24 19 80-89t t Represents a randomly chosen group of 3-mo survivors of myocardial infarction (one out of four selected).
and 314 mg/100 ml, respectively (Table II) . Since the adjusted logio triglyceride levels appeared normally and unimodally distributed (Fig. 4 B) , estimations of percentile values for this lipid class were carried out in logarithms, and the values were reconverted to their antilogs and expressed as adjusted triglyceride values. The 90th, 95th and 99th percentile values were 147, 165, and 200 mg/100 ml, respectively (Table II) . The distribution of the adjusted triglyceride levels was skewed to the higher values (Fig. 4 C) . Plasma lipid levels in survivors. The age and sex composition of the 500 survivors of acute myocardial infarction is shown in Table IV . 92.2% were non-Jewish white, and 5% were Jewish; 1.4% were black; and the remaining 1.4% were either Indian, Filipino, Puerto Rican, Japanese, or Arab.
Figs. 5 and 6 show that distribution of adjusted lipid levels in the survivors of myocardial infarction. In the males the distributions of cholesterol (Fig. 5 A) and triglyceride ( Fig. 6 A) appeared unimodal, although both curves showed a deficiency of low values and an excess of high values as compared with those of controls. In the females the lipid distributions appeared more abnormal and were suggestive of bimodality, especially with regard to triglyceride (Figs. 5 B and 6 B) . Since bimodality could not be unequivocally demonstrated in these lipid distributions, arbitrary cut-off values had to be established for classifying survivors as hyperlipidemic or normal. The proportion of survivors exceeding several upper limits of normal for plasma lipids are shown in Table V . From these comparisons of the distribution of lipids in survivors and controls, a number of points are evident: (a) hypertriglyceridemia was more The distribution is divided into increments of 10 mg/100 ml. The smooth stippled curve represents a nonparametric density estimate of the control distribution.
common among survivors than hypercholesterolemia no matter which upper limits of normal were used to define hyperlipidemia; (b) the separation between controls and survivors was greatest at the 99.9th percentile for both cholesterol and triglyceride, there being a 36-fold difference for cholesterol and an 80-fold difference for triglyceride in the observed/expected ratio of the two groups; and (c) although the 99.9th percentile value was associated with the highest ratio of survivors/controls for both plasma lipids, a clear-cut excess of survivors/controls was also apparent when the 99th, 95th, and 90th percentile values were used as cut-off levels for hyperlipidemia. Table IV . In this respect, these data are in close agreement with the studies of Albrink, Meigs, and Man (31) and Carlson (33, 34, 37, 48) , who have stressed the importance of triglyceride as a predictor of coronary artery disease. An alternative explanation for the high frequency of triglyceride elevations observed among our survivors may be related to the dietary alterations applied to subjects surviving a myocardial infarction. Since a diet low in content of cholesterol and fat can reduce cholesterol and often elevate triglyceride levels (49), the effect of such a diet may have minimized the prevalence of hypercholesterolemia and maximized the prevalance of hypertriglyceridemia in the survivors as a group. However, this possibility seems unlikely in view of the family data reported in the next paper in this series (12) , which demonstrate that as a whole elevations in triglyceride were more common than elevations in cholesterol among the presumably "healthy" relatives of these hyperlipidemic survivors of myocardial infarction.
Another interesting finding emerged from comparing the frequencies of nonlipid risk factors (viz., hypertension, diabetes mellitus, smoking, obesity, and hyperuricemia) among the normolipidemic, hypercholesterolemia, and hypertriglyceridemic survivors. Among hypertriglyceridemic survivors, there was significantly more obesity, hypertension, and diabetes mellitus than in either the hypercholesterolemic or normolipidemic survivors. This unique aggregation of metabolic abnormalities in certain patients with coronary heart disease has been noted previously (50) .
The single most important result of this study was the identification of a large number (n = 157) of hyperlipidemic survivors of myocardial infarction who represented unselected patients with coronary heart disease and provided probands for investigating the genetics of hyperlipidemia. As demonstrated in the next paper in this series (12) , the genetic approach to hyperlipidemia in coronary heart disease offers a powerful tool for classifying lipid disorders and for clarifying basic mechanisms.
